PATIENTS AND METHODS
INTRODUCTION
Most cases of visceral leishmaniasis (VL) (kala-azar) worldwide occur in continguous regions of India, Nepal, and Bangladesh. 1 In Bangladesh, VL epidemics occur approximately every 15-20 years and last for approximately one decade. The prevalence of the disease in Bangladesh has increased sharply in recent years. Approximately 10,000 patients are reported annually from government health facilities and many more go unreported. The current prevalence is estimated to be 45,000 cases with more than 40.6 million persons at risk. Of 64 districts in Bangladesh, at least 34 districts have been reportedly affected (Ahmed B, unpublished data).
As in other countries, VL in Bangladesh is a disease of the poorer sections of society residing in rural areas. Mortality from kala-azar when untreated is nearly 100%, and most patients die of intercurrent infections after reduced immunity and undernutrition. Although treatment for this disease is needed, conventional treatment of VL with parenteral pentavalent antimony has multiple side effects, and resistance to this drug is increasing in the Indian subcontinent. 2 Amphotericin B deoxycholate, although effective, is given intravenously 15 times over 30 days. Liposomal amphotericin B is administered less frequently than amphotericin B deoxycholate and shows excellent effectiveness in India, 3 but is the more expensive option for treatment of VL 4 and is not presently available in Bangladesh.
Miltefosine is an orally administrable agent that has completed phase III and phase IV evaluation for treatment of VL in India. 5, 6 and is now recommended as the treatment of choice in Bangladesh. The aim of the present study was to evaluate the effectiveness of miltefosine in outpatients in this country.
Abstract. Miltefosine (target dose of 2.5 mg/kg/day for 28 days) is the recommended treatment for visceral leishmaniasis (kala-azar) in Bangladesh on the basis of data from India. We evaluated miltefosine in a phase IV trial of 977 patients in Bangladesh. At the six-month final follow up, 701 were cured. 24 showed initial treatment failure, and 95 showed treatment failure at 6 months, although 73 of the 95 showed treatment failure solely by the criterion of low hemoglobin values. One hundred twenty-one patients were not assessable. With the conservative assumption that all low hemoglobin values represented treatment failure, the final per protocol cure rate was 85%. Of 13 severe adverse events, 6 led to treatment discontinuation and 7 resulted in deaths, but only 1 death (associated with diarrhea) could be attributed to drug. Nearly all non-serious adverse events were gastrointestinal: vomiting in 25% of patients and diarrhea in 8% of patients. Oral miltefosine is an attractive alternative to intramuscular antimony and intravenous amphotericin B for treatment of kalaazar in Bangladesh. and 6 months after the end of treatment. If the patient showed signs of VL during follow-up, the patient was to be referred to the corresponding medical center for spleen/bone marrow aspiration for parasitologic evaluation of possible VL.
Safety parameters. The type, duration, and common toxicity criteria (CTC) severity grade of AEs were determined during treatment. The CTC grades for some safety parameters are quantitative. 8 These grades for non-quantifiable parameters are 1 = mild, 2 = moderate, 3 = severe, and 4 = life-threatening.
Response criteria. Initial cure at the end of therapy or up to two months after the end of treatment was defined as loss of fever and a spleen size at least 30% smaller than at pretreatment, and hemoglobin level of at least 10.0 g/dL or an increase with respect to the pretreatment value of at least 10%.
Final cure six months after the end of therapy was defined as loss of fever; a spleen size at least 70% smaller than at pretreatment or, if the spleen size was < 1 cm at pretreatment, not > 1 cm; weight gain of at least 0.5 kg; and a hemoglobin level of at least 10.0 g/dL or an increase with respect to the pretreatment value of at least 10%.
Analytic populations. The per-protocol population was defined as patients who received at least 90% of the planned treatment (i.e., at least 25 days of treatment). The intent-totreat 1 group was defined as patients who received 14-24 days of therapy. The intent-to-treat 2 group was defined as patients who received 1-13 days of therapy. Non-evaluable patients were defined as patients who were lost to follow-up after receiving at least one dose of drug.
Sample size. For this single-group trial, the sample size was selected to be comparable with that of the phase IV Indian trial (approximately 1,000 patients). 
RESULTS
Patients and compliance. Of 1,007 patients, 977 (97.0%) patients received at least one dose of drug. Approximately 60% of patients were males and 60% were adults. Adult patients weighed a mean ± SD of 51 ± kg.
It is standard practice in the Bangladesh outpatient setting in which this trial was conducted to treat suspected VL patients who are rK39 positive whether or not splenomegaly is present. Because it is unclear whether rK39-positive patients without splenomegaly are infected with Leishmania , efficacy analysis was performed separately on 817 patients who were rK39 positive and had splenomegaly (splenomegaly group) and 160 patients who were rK39 positive and did not have splenomegaly (no splenomegaly group).
799 (98%) patients in the splenomegaly group and 141 (88%) patients in the no splenomegaly group received 25-28 days of treatment and were included in the per-protocol population ( Table 1 ). Only 37 patients were in the other prospectively defined analytic groups. The intent-to-treat 1 group, the intent-to-treat 2 group, and the non-evaluable group contained 8, 0, and 29 patients, respectively. All but one of intentto-treat 1 patients and non-evaluable patients withdrew from the protocol because of AEs (10 patients), patient wish (9 patients), or other reasons (17 patients). The remaining patient was in the intent-to-treat 1 splenomegaly group and was cured. For clarity of presentation, the one intent-to-treat 1 splenomegaly group patient was combined with the 799 perprotocol splenomegaly patients to give a total of 800 perprotocol patients for analysis of efficacy.
Efficacy in the per-protocol population. In the splenomegaly group, initial cure was seen in 733 (92%) of the 800 patients. Final cure was seen in 591 of the 733 initially cured patients. The total number of patients who showed treatment failure was 21 at the initial periods and 84 at the final six-month evaluation. The overall cure rate in the splenomegaly group was 591 (74%) of 800 treated patients and 591 (85%) of 696 patients who were evaluable at the initial and final follow-up visits.
Interestingly, the degree of splenomegaly at presentation did not predict patients who would eventually be cured or showed treatment failure. Pretreatment mean spleen size was 8.6 cm. Mean spleen size was 9.6 cm in patients who were cured, 10 cm in patients who initially showed treatment failure, and 5.7 cm in patients who showed treatment failure at 6 months. In the no splenomegaly group, initial cure was seen in 132 (94%) of 141 patients. Final cure was seen in 110 of the 132 initially cured patients. The total number of patients who failed to respond to treatment was 3 initial treatment failures and 11 final treatment failures. The overall cure rate in the no splenomegaly group was 110 (78%) of 141 treated patients and 110 (89%) of 124 patients who were seen at follow up.
For per-protocol patients, because cure rates and failure rates for the splenomegaly group and the no splenomegaly group were similar, we merged the two groups and calculated efficacy rates for all per-protocol patients combined. Of 941 per-protocol patients, 865 (92%) were initially cured and 24 (2.6%) initially failed to respond to treatment. At the sixmonth final follow-up, 701 patients were cured and an additional 95 patients failed to respond to treatment. The overall cure rate for the per-protocol population was 701 (74%) of 941 treated patients and 701 (85%) of 820 evaluated patients.
Tolerance. Drug tolerance in the 977 patient safety population was determined by analysis of severe AEs (SAEs) and AEs. There were 13 SAEs: 6 ( Table 1 ) that led to treatment discontinuation and 7 in the per-protocol population that did not lead to treatment discontinuation.
The 13 SAEs consisted of intestinal tuberculosis (1), enteric fever (2), vomiting with or without nausea and cough (3) leading to deaths of 2 patients, diarrhea (1) leading to death of 1 patient, hemoptysis/dyspnea/cough (2) leading to death of 1 patient, edema and severe fatigue (1), edema and anemia (1), severe anemia (1) leading to death of 1 patient, and death of a person 2 months after taking medication for 1 week, which was the last trial visit (1) .
Cases of tuberculosis and enteric fever were judged to be unrelated to study medication. The two deaths associated with vomiting occurred 19 and 33 days after the end of treatment; the third case of vomiting started before the study drug was given. The death caused by diarrhea occurred on day 21 of treatment, and, because miltefosine is known to have gastrointestinal side effects, might have been related to the drug. Cases of hemoptysis/cough and edema occurred during treatment with miltefosine but these side effects are not known side effects of miltefosine. The case of severe anemia that resulted in death could have been a case of clinical failure. Clear attribution of SAEs to miltefosine was not possible in any case, but the death caused by diarrhea may have been attributable to a drug effect.
The AEs of the gastrointestinal system, the most common site of clinical intolerance, are shown in Table 2 . Vomiting and diarrhea were common and occurred in 241 (25%) and 77 (8%) of the patients, respectively. Each episode lasted approximately 3 days, and was CTC grade 1 in 61% of cases, CTC grade 2 in 32% of cases, and CTC grade 3 in 4% of cases. The AEs events related to the respiratory system were rare. A total of 17 patients (2%) had either cough, rhinitis, hemoptysis, upper respiratory tract infection, dyspnea, or pharyngitis.
In terms of other clinical side effects, a total of 44 patients reported epistaxis, headache, fever, malaise, edema, rash, vertigo, motion sickness, myalgia, asthenia, varicella, influenzalike symptoms, increase in appetite, decrease in weight, skin depigmentation, amenorrhea, back pain, allergic reaction, otitis media, or dysasthesia.
DISCUSSION
Miltefosine has been the subject of formal drug development for treatment of VL in India. Phase II, phase III, and phase IV trials showed 97%, 97% and 95% per protocol cure rates, respectively, in India. 5, 6, 9 Because Bangladesh borders India and there is an immediate need for orally administrable agents for VL, miltefosine was not evaluated in Bangladesh according to this strict phase II-III-IV sequence. Instead, this first trial in Bangladesh was an outpatient phase IV evaluation. The advantage of such a trial is that efficacy and tolerance under real world conditions are seen.
The limitations of this trial originate from the same realworld factors. Under outpatient clinic conditions, the presence of Leishmania is implied by rK39 seropositivity, rather than by visualizing parasites in splenic aspirates, because this latter technique may lead to fatal complications. The rK39 test has a false-positive rate of approximately 10%, 7 especially if splenomegaly is absent. It is standard practice in the outpatient setting in Bangladesh to treat patients who are rK39 positive whether or not splenomegaly is present. In a protocol violation, such no splenomegaly patients were entered into this trial. Possible inclusion of non-VL cases could artifactually increase or decrease the cure rate if the concomitant disease remitted by itself or continued unabated. Nevertheless, the efficacy rates for patients with splenomegaly and without splenomegaly were similar. When data from splenomegaly and no splenomegaly patients were combined, there were 701 patients who were cured and 119 initial plus final patients who did not respond to treatment, giving a cure rate of 85% for evaluable patients. Interpretation of the 85% cure rate was hampered by the inability to completely determine the causes of low hemogloblin levels at six-months of follow up. A total of 73 of the 95 patients who showed treatment failure at six months did so for this reason. Low hemoglobin levels for reasons other than VL are common in this patient population, and it is a present source of controversy whether low hemoglobin levels should be a criterion for lack of cure. In the phase III trial in India, for example, only one of three of such patients were eventually determined to have relapsing VL. 5 If 25 of the 73 patients with low hemoglobin levels at 6 months were patients who failed to respond to treatment, the cure rate in this trial would have been 92%. Nevertheless, the protocol specified that low hemoglobin levels constituted clinical treatment failure. Thus, we conclude that all 73 patients with low hemoglobin levels at 6 months were patients who failed to respond to treatment and report a conservative cure rate of 85%.
Tolerance of miltefosine was similar to what has been reported from India. 6 The number of deaths (7) in this trial with 1,000 patients was higher than the 3 deaths in the similarly sized phase IV trial in India, but the number of deaths possibly related to gastrointestinal side effects of miltefosine was 1 in each study. Nearly all non-serious AEs were gastrointestinal: vomiting in 25% of patients and diarrhea in 8% of patients. The rate of vomiting was somewhat higher than the rate of 14% in the phase IV study in India. 6 In conclusion, the overall cure rate was 85% in evaluated patients. If only one of three patients with low hemoglobin levels were considered patients who failed to respond to treatment, an in India, the cure rate would increase to 92%. In terms of drug tolerance, perhaps 1 of the approximately 1,000 patients died of gastrointestinal side effects and approximately 30% of patients had vomiting and/or diarrhea of low-tomoderate grade. Data from this study convey an understanding of the benefits and risks for what is presently first-line therapy for treatment of VL in Bangladesh. We cannot find reliable data on the other alternatives, parenteral pentavalent antimony and intravenous amphotericin B deoxycholate, in a phase IV setting in Bangladesh. In formal phase II clinical trials in (antimony-sensitive) regions of India, these difficultto-tolerate agents had cure rates of approximately 85% 2 and 95%, 10 respectively.
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